In this review, we have attempted to highlight the critical role which anthills could play in sustainable agriculture practices as a locally available resource for the benefit of financially and soil fertility challenged smallholder farmers. Examples from across sub-Saharan Africa region have been elucidated in this paper on how the anthills have been utilized as a choice of low external input farming strategy for soil fertility challenges. Data from the study was collected through literature search from past and present research work by various scientists across the globe encompassing the internet and research articles. We have become aware that anthill soils could play a crucial role as an alternative to chemical fertilizer for farmers who have no means of buying inorganics. We recommend that for effective utilization of anthills in crop production, there is need to build the capacity of extension staff and farmers on the application method using micro dosing techniques and simple estimation of quantity for determining the requirements per hectare. Raising awareness to policy makers at all levels could stimulate interest on how this resource could be integrated as one of the components of integrated soil fertility management in conservation agriculture technologies. Carrying out studies which would focus on factors that could help in fast development of anthills would be key for enhancing crop development amongst the smallholder farmers challenged by cost of fertilizer input.
Introduction
Ajayi (2007) indicates that low soil fertility is one of the greatest biophysical constraints to agricultural production in sub-Saharan Africa and is associated with several simultaneous degradation processes which feed on each other to produce a downward spiral in productivity and environmental quality. Lopez- Hernandez et al. (2001) found that African farmers collect termite mound soils or anthill soil and apply to cropped fields as the resource could be rich in available nitrogen, total phosphorous and organic carbon than adjacent soil. However there is little information regarding the quantities required per hectare to enhance crop productivity.
The use of anthill soil in crop production by farmers has been reported by scholars in Zambia (Siame, 2005) , Uganda (Okwakol and Sekamatte, 2007) , Zimbabwe (Bellon et al., 1999; Nyamapfene, 1986) , Sierra Leone (Ettema, 1994) and Niger (Brouwer et al., 1993) . Nyamapfene (1986) and Logan (1992) indicate that farmers either plant specific crops on anthills or spread soil from anthills in their fields. An example of agriculture production around anthill is the chitemene system of agriculture cited in southwestern Tanzania (Mielke and Mielke, 1982) .
Malawi farmers have been reported to plant various crops that include bananas (Musa spp.) near anthills.
In Uganda, the scenario is quite different as farmers plant onions (Allium spp.), tomatoes (Solanum spp.), pumpkins (Cucurbita spp.) and maize beside anthills (Okwakol and Sekamatte, 2007) . In Zimbabwe, okra (Abelmoschus esculentus), pumpkins, sweet sorghum (Sorghum spp.), and late-season planted maize, that requires good water and nutrients supply, are cultivated practically on anthills (Nyamapfene, 1986) . Brouwer et al. (1993) also indicated that in Niger, the smallholder farmers prefer to grow sorghum on anthills than the surrounding soils.
In some areas, farmers break anthill and spread the soil in their field. For example, in southern Zambia, farmers remove portions of the anthill and make sure that the base and colony are not destroyed. This soil is then taken to the field and mixed with the top soil before the rains begin. In areas where conservation farming is practiced, soil from anthills is put in planting basins (Siame, 2005) and in ripped lines. In South Africa, some patches of excellent well-cared for sugarcane, known as "isiduli", are prominent characteristics sugarcane fields grown on sandy soils. These correspond to some anthills normally evened by ploughing (Cadet et al., 2004) . Similarly, in Zimbabwe, farmers are reported to utilize soil from anthill to enhance soil fertility (Bellon et al., 1999; Nyamapfene, 1986) .
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The farmers' practices of utilizing anthill soil in agriculture have been reported, and scientific explanations are available for most of them (Watson, 1977; Nyamapfene, 1986 (Steinke and Nell, 1989) . Research shows that increase in growth of grass surrounding anthill is attributed to the accumulation of runoff water at the base thereby leading to increased productivity in dry seasons, making it possible for plants to survive worst drought conditions (Steinke and Nell, 1989) .
Researchers have also experimented on the mineral composition of anthills and the adjacent soils (Watson, 1977; Steinke and Nell, 1989; Holt and Lepage, 2000; Cadet et al., 2004; Masanori and Tooru, 2004; Brossard et al., 2007; Chikuvire et al., 2007) . There is however scanty information on the characteristics of suitable anthills for use in agriculture production.
Most studies have revealed that anthills consist of significantly higher concentrations of total nitrogen (N) and exchangeable cations than the surrounding soils (Watson, 1977; Steinke and Nell, 1989; Jones, 1990; Holt and Lepage, 2000; Chikuvire et al., 2007) . In tropical wet-dry climates, downslope erosion is reported to enhance soil fertility more around anthill than with leached soils away from it (Malaisse, 1978) . In addition, soil from anthills has other positive effects on crops which include weeds suppression. For instance,
Cubitermes soil was revealed to suppress the weed, Striga infestation on sorghum crops in West African country of Burkina Faso (Andrianjaka et al., 2007) .
The aim of this paper is to bring together farmers' knowledge and evidence from soil science and field experiences on anthill soil utilization and how this could be integrated into conservation agriculture for achieving sustainable agriculture goals. To this end, we undertook a comprehensive review of the potential of anthill soils in agriculture production by describing anthill formation, opportunities and constraints of using the resource in agriculture, characteristics for suitability in crop production, type of microbiota organisms found in the soil, nutrient dynamics, water productivity and soil moisture retention. Finally, we describe the potential economic benefits financially constrained farmers across sub-Saharan Africa would accrue by using anthill soils in crop production practices.
Formation of Anthills
According to various scholars, they have indicated that termites and other fauna species in the soil play a very important role in anthill formation. This process involves anthill building ants which collect woody debris for their nests and forage for large quantities of insect prey and honeydew as food for their colonies.
Active anthills are reportedly enriched with soil organic matter and inorganic nutrient elements, comprising Ca, K, Mg, Na and P, in comparison with surrounding soils (Folgarait, 1998; Kristiansen et al., 2001; Lobry de Bruyn and Conacher, 1990) .
Ant activities effectively contribute to transforming; (i) physical soil properties, such as infiltration and porosity (Wang et al., 1995) , (ii) soil microbial community and faunal biomass (Laakso and Setaelae, 1997) and (iii) rates of decomposition of organic matter (Petal and Kusisnka, 1994) . Soil activities of ground-dwelling ants are evident during the construction of anthills. Ants' building activities alter underneath soil into nutrient-rich pockets that favors seed sprouting (Levey and Byrne, 1993; Andersen and Morrison, 1998) .
Scientists have related changes to soil physicalchemical properties with anthill building by ants (Nkem et al., 2000; Lenoir et al., 2001; Lafleur et al., 2002) , while others have linked these activities with plant distribution patterns (Culver and Beattie, 1983; Dean et al., 1997; Garrettson et al., 1998) and vegetation succession (King, 1977; Farji-Brener and Silva, 1995 In terms of constraints, however, some farmers do not level anthills despite scientists believing that soil from anthill could provide an option to inorganic fertilizers (Logan et al., 1990) . Scientists have also highlighted the reasons as to why farmers do not prefer leveling anthills in order to make full use of the land and allow mechanized tillage operations (Nyamapfene, 1986) . Such issues have been reported to ignore the spiritual (Geissler, 2000; Copeland, 2007) and economic importance (Nkunika, 1998 ) that farmers perceive of anthills.
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The recommendation of scientists also leaves out the fact that leveling anthills may not be sustainable in the long span. Brossard et al. (2007) , reports that excessive use of anthill soil can affect termite abundance apart from mining nutrients. Some farmers have also expressed labour demands of the practice, especially during digging (ZARI, 2014) .
It is also indicated that the problem related to the use of anthill soil in agriculture production has often hinged on how to get the suitable quantities required to satisfy the nutritional needs of crops. The issues of transportation and handling costs are normally beyond the farmer's capacity (Lal, 1988) . A study by Lee and Wood (1971) revealed that the rates of production of the anthills are too little to be utilized for annual seasonal crop production and by commercial farmers. Understanding the constraints of utilizing Anthill soils in crop production will enable the scientists to find solutions and find other methods of inducing faster development of anthills for agriculture production.
Characteristics of a Suitable Anthill for Crop Production Chemical Properties
In soil science, chemical properties of soils (Watson, 1962; Pomeroy, 1983; Anderson and Wood, 1984; Coventry et al., 1988; Hullugale and Ndi, 1993; Lobry de Bruyn and Conacher, 1995) , while other scholars also report results on soil porosity transformations and particle size sorting (Anderson and Wood, 1984; Lobry de Bruyn and Conacher, 1990; Garnier-Sillam et al., 1991) .
In the lower slope, greater amounts of large aggregates in horizon A and B show that these kind of soils have a quite contrasting framework and field observations confirm that mildly podzolized Latosols (transitional between Oxisols and Ultisols) occur at that lower position, related to a moderate and medium sized blocky structure. This is associated to the greater intensity of wetting and drying cycles on these colluvial foot slopes, for oxic Ultisols found in that landscape position, as opinionated by Carvalho Filho (1989) . With regard to Latosols (Sarcinelli et al., 2008) reported that the microstructure, of these soils in anthills could be compared to a "coffee powder"
which confirms that indeed the termite's activity plays a key role on such soils. In this respect, they should be considered as a factor on Latosols genesis. However, there is need for further research in order to have conclusive scientific evidence on the matter. The microstructure of the anthills should be known as this affects the physical properties such as bulk density, porosity, infiltration rate and water retention capacity in general among others. 
Biological Community in Anthill Soils

Soil enzymes in Anthill soils
Soil enzymes play key biochemical functions in organic matter decomposition in the soil system (Burns, 1983; Sinsabaugh et al., 1991) . They act as important catalyst in several important chemical reactions needed for the life processes of microorganisms in soils and provides stability to soil structure, decomposition of organic wastes, organic matter formation and nutrient cycling (Dick et al., 1994) . Enzymes are continously being synthesised, accumulated, inactivated and/or decomposed in the soil, thereby playing an important role in agriculture and mostly in nutrients cycling (Tabatabai, 1994; Dick, 1997) . Activities of enzymes in soils pass through complex biochemical processes accompanied by integrated and ecologically-linked processes for ensuring enzyme immobilisation and stability (Khaziyev and Gulke, 1991) .
In this respect, any soil type is composed of a number of enzymes that influence soil metabolism activities (McLaren, 1975) which, rely, on the physical, chemical, microbiological and biochemical properties.
The enzyme levels in soil systems vary in amounts owing to the fact that each soil type has different quantities of organic matter content, type of living organisms and the rate at which biological processes occur. In practice, the biochemical reactions are as a result of the catalytic contribution of enzymes and different substrates that serve as energy sources for micro-organisms (Kiss et al., 1978) . Major enzymes in the soil may include amylase, arylsulphatases, β-glucosidase, cellulose, chitinase, dehydrogenase, phosphatase, protease and urease released from plants (Miwa et al., 1937) , animals (Kanfer et al., 1974) , micro-organisms and organic compounds (Dick and Tabatabai, 1984; James et al., 1991; Richmond, 1991; Hans and Snivasan, 1969; Shawale and Sadana, 1981) and soils (Cooper, 1972; Gupta et al., 1993; Gareshamurthy et al., 1995) .
Knowledge of the role of soil enzymes activity in the ecosystem is critical as this would provide a unique opportunity for an integrated biological assessment of soils due to their crucial role in several soil biological activities, their ease of measurement and their rapid response to changes in soil management practices (Dick, 1994; Dick, 1997; Bandick and Dick, 1999) .
Other studies by scholars reveal that high enzyme activity is an indicator of mineral element limitation in the ecosystem (Sinsabaugh et al., 1993; Makoi and Ndakidemi, 2008 
Nutrient dynamics in Anthill soils
Although initial work of Darwin on the effects of et al., 1995; Brune and Kühl, 1996; Donavan et al., 2001) . These attributes are surely important and could effectively be described as contributors to anthill soil chemical and physical alterations.
365 Chisanga et al.
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Termites are also referred to as "ecosystem engineers" (Dangerfield et al., 1998) as they enhance soil changes by disturbance processes. Termites collect organic matter and mineral particles from different depths and deposit them in anthills, thereby accelerating the content of organic C, clay and nutrients. Also, pH and microbial population is reported higher in anthills than in surrounding soils (Lal, 1988; Black and Okwakol, 1997; Holt et al., 1998) . The material accumulated is redistributed by erosion, affecting soil micro-structure and fertility (Lee and Wood, 1971; Black and Okwakol, 1997; Dangerfield et al., 1998; Jungerius et al., 1999; Schaefer, 2001) . Termites also participate in construction of galleries that increase soil porosity and water infiltration (Mando and Stroosnijder, 1999; Leonard and Rajot, 2001 ) and these galleries are filled up with top soil materials. Rainfall contributes to the process of formation of deep, uniform Latosols (correlated to the Oxisols in the Soil Taxonomy) (Schaefer, 2001 ).
The composition of clay in anthills is normally 20%
higher than in surrounding soils, but it is not known whether termites choose particles, or soil undergoes a physical fractioning through their guts (Lee and Wood, 1971; Donovan et al., 2001; Jouquet et al., 2002) . It is also true to opinionate that clay minerals are transformed as soil particles are handled in their mouths or pass through their guts. In this regard, Schaefer (2001) reported that kaolinite become less crystalline after passing through termite guts, due to high pH levels. Although literature reports the role of termites in anthill soil transportation, particle size sorting, nutrient concentration, organic matter turnover, greater porosity, organo-mineral micro aggregation, aggregate stabilization, erosion effects, among others, there is still very little information concerning pedogenesis, landscape evolution and nutrient dynamics in agricultural systems involving Anthills.
Water Productivity and Soil moisture retention in
Anthill soils
Ali and Talukder (2008) indicated that in crop production system, water productivity (WP) is used to define the relationship between crop produced and the amount of water involved in crop production, expressed as crop production per unit volume of water.
Crop production may be expressed in terms of total drymatter yield or seed (or grain) yield ( 
With effectiveness of water use in a single crop being described, Equations. (1) or (2) 
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When soils with low water retention capacity are common and anthill soil is spread on these soils it results in a higher soil moisture content and improved crop growth. This implies that anthill soils could have high water productivity. Further research is nevertheless needed to prove the effectiveness and efficiency under agricultural production conditions.
The potential of anthill soils in Integrated Soil
Fertility Management ( African soils demonstrate numerous constraints that encompass physical soil loss from erosion, nutrient deficiency, low organic matter, aluminum and iron toxicity, acidity, crusting, and moisture stress. Some of these constraints occur naturally in tropical soils, but degradation processes related to land management exacerbate them. Estimates suggest that about twothirds of agricultural land is degraded, with 85% caused by wind and water erosion (Oldeman et al., 1991) .
Limited use of nutrient inputs among smallholder farmers exacerbates soil nutrient deficiency.
In the late 1990s, it was reported that fertilizer use in
Africa was averaging about 9kg per hectare and that 
Effect of Anthill Soils on Plant Growth
The ISFM concept acknowledges the need for both organic (e.g anthill soils, cattle manure) and mineral inputs for maintaining soil health and crop production as they interact and complement each other (Buresh et al., 1997; Vanlauwe et al., 2002a) which accelerates plant growth. The most common There are some key differences in the way that the organic systems contribute to soil fertility. Agriculture practices involving nitrogen-fixing species add extra quantities of nitrogen without depleting the nutrients from the soils it. Organic sources will differ in terms of nutrient content and how the organic compounds are made available to the crop including the provision of other soil fertility benefits (e.g. weed reduction).
Agronomic practices also determine the effectiveness of organics. Other organics like anthill soils where available at farm level could also play a significant role in enhancing crop productivity owing to the fact that they have higher N content which is crucial in plant development.
It is however known that organic and mineral inputs cannot be substituted entirely by one another and are both required for sustainable crop production (Buresh et al., 1997; Vanlauwe et al., 2002a) , due in part to (i) practical reasons fertilizer or organic resources alone may not provide sufficient amounts or may be unsuitable for alleviating specific constraints to crop growth (Sanchez and Jama, 2002) , (ii) the potential for enhanced benefits created via positive interactions between organic and inorganic inputs in the short-term and (iii) the several roles each of these inputs play in the longer range.
Where these are used in combination, they help to reduce the costs of crop production.
One key complementarity is that organic resources such as anthill soil enhance organic matter status and the functions it supports, while mineral inputs can be One important aspect to note is that most agronomic research on ISFM has taken place on cereal crops. including manure (Mekuria and Waddington, 2002) .
Positive returns are often found for inorganic fertilizer inputs (Kelly et al., 2002; Shapiro and Sanders (2002) and for integrated inorganic-organic systems (Place et al., 2002a; Mekuria and Waddington, 2002) . Further (Mekuria and Waddington, 2002) (AGRA and IIRR, 2014) . In Uganda, it was found that there is little integration of organics and mineral fertilizer, partly due to poor fertilizer availability.
In Malawi, there is utilization of green manure and mineral fertilizer systems, where farmers use both pigeon pea intercrops and fertilizer (Peters, 2002) . As with manure, farmers have shifted promising innovations using integrations of organic and mineral fertilizers onto higher-value commodities such as vegetables (Place et al., 2002a) . Organic sources that provide a dual benefit (e.g. food) have a higher preference by farmers. Organic nutrient systems are commonly more affordable to financially constrained farmers than fertilizer options.
Int. J. Biosci. 2017 Mekuria and Waddington (2002) investigation. In addition, although farmers use organic nutrient inputs such as anthill soil in agriculture production, the rates still remain to be known. Further, the study concluded that anthills were not only used for soil amendment as a fertilizer but also as beds for vegetable production and construction of charcoal kilns. However, this depended on the architecture of the anthill. There is still little information reported on the economic benefits of using anthill soils in crop production in literature.
Economic Benefits of Anthill soils
Conclusion and Future Prospects
This review has demonstrated that anthill soil are used in various ways in many parts of Africa for agriculture production. Further, there is need to conduct other studies which would focus on the factors that could help in the fast development of anthills. Software development for age determination of the anthill for agriculture production would also be useful in knowing the suitability of the anthills for use as fertilizer in crop production across sub-Saharan Africa.
